The purpose of the present study is to determine reliability measures of a two-unit cold standby system with preventive maintenance and repair. The units are identical in nature subject to constant failure from normal mode. Preventive maintenance of the operative unit is carried out after a pre-specific time "t" up to which no failure occurs. However, repair of the unit is done at its failure. The unit works as new after repair and preventive maintenance. The switch devices are perfect. The distributions of failure time and the time by which unit undergoes for preventive maintenance are taken as negative exponential while that of preventive maintenance and repair times are assumed as arbitrary with different probability density functions. The random variables associated with failure, preventive maintenance and repair times are statistically independent. The semi-Markov process and regenerative point technique are adopted to derive the expressions for system performance measures in steady state. The graphical behavior of MTSF, availability and profit function have been observed with respect to preventive maintenance rate for particular values of other parameters and costs.
Introduction
Most of the system reliability models have been analyzed by the researchers under a common assumption that systems can work for a long time without requiring any maintenance. But this assumption seems to be unrealistic when a system has to operate in varying environmental conditions. Also, system deteriorates due to continued operation and ageing. In such a situation, preventive maintenance of the system can be conducted after a maximum operation time in order to slow the deteriorate process as well as to restore the system in a younger age or state. Osaki probabilities for the system models with different standby modes. The reliability, availability and profit function which are measured in terms of system state probabilities have been identified as a major stumbling block in achieving a high or required level of system performance. On the other hand, the technique of cold standby redundancy has been considered as an effective strategy in order to improve the performance and to achieve high reliability of the systems. Therefore, extensive research has been carried out by the researchers including Gopalan and Naidu, 3 Singh 4 and Kadyan et al. 5 on reliability modeling of systems with cold standby redundancy and different repair policies. Also, Sureria et al. 6 carried out cost benefit analysis of a computer system with cold standby redundancy. Hence, in the present study some important reliability measures such as mean time to system failure (MTSF), availability and profit incurred to the system model have been obtained for a two-unit cold standby system with preventive maintenance and repair. The units are identical in nature subject to constant failure from normal mode. The operative unit undergoes for preventive maintenance after a pre-specific time "t" up to which no failure occurs. However, repair of the unit is done at its failure. The unit works as new after repair and preventive maintenance. The switch devices work properly. The failure time of the unit and the time by which unit undergoes for preventive maintenance are exponentially distributed while the distributions of preventive maintenance and repair times are assumed as arbitrary with different probability density functions. All random variables are statistically independent. The expressions for some more reliability measures such as mean sojourn times, busy period of the server due to preventive maintenance and repair, expected number of visits by the server, expected number of preventive maintenance and repairs have been derived in steady state using semi-Markov process and regenerative point technique. The graphical behavior of MTSF, availability and profit function have also been observed with respect to preventive maintenance rate for particular values of other parameters and costs. The application of the present study can be visualized in a water supply system of two identical electric pumps -one is initially working and the other is kept spare in cold standby. when system is to make transition into regenerative state S j Mathematically, it can be written as
Notations
The mean Sojourn time in state S i this is given by The possible transition states of the system model is shown in Figure 1 .
Transition Probabilities and Mean Sojourn Times
Simple probabilistic considerations yield the following expressions for nonzero elements
It can be easily verified that P 01 + P 02 = P 10 + P 13 + P 16 = P 20 + P 24 + P 25 = 1.
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The mean sojourn times (µ i ) in the state S i are
Reliability and MTSF
Let φ i (t) be the cdf of first passage time from the regenerative state S i to a failed state. Regarding the failed state as absorbing state, we have the following recursive relations for φ i (t):
where S j is an unfailed regenerative state to which the given regenerative state S i can transit and S k is failed state to which the state S i can transit directly. Taking LST of Eq. (5) and solving forφ 0 (s), we have
The reliability of the system model can be obtained by taking inverse Laplace transformation of (6). The MTSF is given by
Steady State Availability
Let A i (t) be the probability that the system is in up-state at instant "t" given that the system entered regenerative state S i at t = 0. The recursive relations for A i (t) are given as
where S j is any successive regenerative state to which the regenerative state S i can transit through n transitions. M i (t) is the probability that the system is up initially in state S i ∈ E is up at time t without visiting to any other regenerative state, we have
Taking LT of Eq. (8) and solving for A * 0 (s), the steady state availability is given by 
Busy Period Analysis for Server
Let B P i (t) and B R i (t) be the probability that the server is busy in preventive maintenance and repair of the unit at an instant "t" given that system entered state S i at t = 0. The recursive relations for B P i (t) and B R i (t) are as follows:
where S j is any successive regenerative state to which the regenerative state S i can transit through n transitions. W i (t) be the probability that the server is busy in state S i due to preventive maintenance up to time "t" without making any transition to any other regenerative state or returning to the same via one or more nonregenerative state and so
Taking Laplace transformation of Eq. (11). Solving for B * P 0 (t) and B * R 0 (t), the time for which server is busy due to premaintanence and repair respectively is given by
2 {P 01 P 12.6 + P 02 (1 − P 11.3 )} and D has already been mentioned.
Expected Number of Repairs and Preventive
Maintenances of the Units 
where S j is any regenerative state to which the given regenerative state S i transits and δ j = 1, if S j is the regenerative state where the server does the job afresh, otherwise δ j = 0. Taking LST of Eq. (13) and solving forR R 0 (t) andR P 0 (t), the expected number of repairs and preventive maintenances per unit time are respectively given by
where N R 3 = P 01 P 12.6 + P 02 (1 − P 11.3 ), N P 4 = (P 10 + P 11.3 + P 12.3 ){P 01 (1 − P 22.5 ) − P 02 P 21.4 } and D has already been defined.
Profit Analysis
The profit incurred to the system model in steady state can be obtained as
K 0 = Revenue per unit up-time of the system, K 1 = Cost per unit time for which server is busy due to preventive maintenance, K 2 = Cost per unit time for which server is busy due to repair, K 3 = Cost per unit time repair, K 4 = Cost per unit time preventive maintenance, K 5 = Total installation cost of the system.
Particular Case
Let us take g(t) = θe −θt and f (t) = αe −αt , then the following results are obtained:
Availability
Busy period for preventive maintenance
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Busy period for repair
Expected number of visits for preventive maintenance
Expected number of visits for repair
Conclusion
Giving particular values to the parameters and costs, the graphs for mean time to system failure, availability and profit function have been drawn with respect to preventive maintenance rate as shown respectively in Figs. α 0=7, λ=.01, θ=2.5 α 0=5, λ=.01, θ=3 α 0=5, λ=.01, θ=2.5 α 0=5, λ=.02, θ=2.5 preventive maintenance and repair rates. However, their values decline with the increase of maximum constant rate of operation (α 0 ) and failure rate. Profit of the system model has been evaluated considering installation cost of the system which had been generally ignored by the researchers.
Hence, the study reveals that a cold standby system would be more reliable and profitable to use if its preventive maintenance is conducted after a pre-specific period of operation rather than to increase repair rate of the system.
